United States Patent [ 1] 4,206,612

Gardner [45] Jun. 10, 1980
[54] REFRIGERATION SYSTEM CONTROL 3,976,893 8/1976  Banfi ...ocereerencineiccnrne 324/73 R
METHOD AND APPARATUS 3,978,322  8/1976 Dobkin .
[75] Inventor: Edward B. Gardner, Bloomfield, Primary Examiner—William E. Wayner
Conn. Attorney, Agent, or Firm—McCormick, Paulding &
[73] Assignee: Emhart Industries, Inc., Farmington, Huber
Conn. ' . {571 ABSTRACT -
[21] Appl. No.: 928,961 A refrigeration system contains a common compressor
_— supplying refrigerant to a plurality of evaporators that
[22] Filed: Jul. 28, 1978 are refrigerated and defrosted independently of one -
Related U.S, Application Data another. Individual refrigeration/defrost controls are

o provided in solid state form for the respective evapora-
[62] Division of Ser. No. 816,091, Jul. 15, 1977, Pat. No. tors, and the individual controls are connected with a

4,151,723. master control that prevents all of the evaporators from

[51] Imt. Cl2 F25D 21/00 being defrosted at one time. The master control in-
[52] US. CL 62/128; 62/234; cludes a digital time clock providing time signals to
165/12; 340/309.4 each of the individual refrigeration/defrost controls,

[58] Field of Search ...............ccceere. 62/234, 157, 128; and each of the individual controls can initiate a defrost

165/12, 11; 307/39, 141; 236/94; 340/514, 515,  operation for its respective evaporator on either a timed

309.4; 137/624.11; 324/73 R or demand basis. The master control includes a scanner

[56] References Cited that interrogates the individual controls in a special
manner to initiate defrosting of the units in order of

U.S. PATENT DOCUMENTS priority. The master control permits an individual de-

2,118,636  5/1938  Alexander et al. . frost control for a selected evaporator to be tested in a

gm’ggg “2); :ggg gg‘lishton etal .. 32‘;/2 'ﬁ 5% timed mode by substantially increasing the speed of the
»HIHO90 BE wevisnisnnissinnssnnin s i lock while ration of the remaining defrost

3,498,073 3/1970 Kusuda et al. woovocomrrore 627155 ~ lme clock wate operation ning

3876868 4/1975 Cramwinchel et al, ... 3407147 CN  controls is inhibited.

3,894,404 4/1975 Stanton 62/155 :
3,946,573 371976 Nichols et al. v...covvecreeeeceensenees 62/126 19 Claims, 9 Drawing Figures
38
MASTER 4
CONTROL
|o\
/|4 8 40\ [ a2 ] "
® CONDENSER REFRIG/DEFROST REFRIG/DEFROST | REFRIG/DEFROST |~
CONTROL CONTROL CONTROL
{20 18) | 22 8 { 24
36y REFRIG. AND REFRIG. AND reFriG. a0V
—— DEFROST VALVES DEFROST VALVES 7 DEFROST VALVES

11

[
7] ]
2] . ' % (5, 37 ‘36
3 EVAPORATOR | EVAPORATOR | EVAPORATOR | 3¢




Sheet 1 of 6 4,206,612

Jun. 10, 1980

U;S. Patent

9cg
obg) %
ves
|
. .rivm 26¢ AddnS
b2s ‘o ¥3IMOd ~
gpe— 022°012'2I'sel 2a sdo09
o2I'vel'zzl ‘05 =
—_—_—
= 0s¢
_ , T
: e vy
2€ ~ - A, v
¢ | HoLYHOdVAT HOIVHOJVAI O uoLvuodvAa ol N
o€, IS 5 i
\ | (%
SIAWA - 1So¥43a SIAIVA 1SOMI3A SIAWA LSOH43a
Ao omaa — aNV 91443y awv o33y loe
2 | 8l 22’ | o 027 ] ||
SOH1NOD JOMLNOD 1041NOD HISNIONOD ]
~1 1sou330/919434 A 1soy33aroiya3y 1S048430/918434 | ¢ 3
bb r b S 8| 4 _
ov bl ~__
0MLNOD I 'Old o
YIALSYN

gc”




Sheet 2 of 6 4,206,612

Jun. 10, 1980

U.S. Patent

124 o

pdadiiacne

B bal

H3INNVYOS >._._m_o_mn_‘v Y

091’
(995GL'¢) Tl =—4
HOLVY3NI9
3ISNd [+
ogi~__ 0010 | s%09

3N ,Qa,

J

!

4
4

]2 o 8990 v Ploor 96 pe .08 | N
efofoferelotorofole I
86 92! “_ | N
N 43 by ._«wmv.“w_ 509
Bes S T Cog
52/ v/ ° m (IWOI~=1¢
! oy ,\JUH@:QL. |
/ e a7 m
" = 2 old




U.S. Patent jun. 10, 1980 Sheet 3 of 6 4,206,612

50
| ____________ L - = e |
[ |
} 60cps COUNTER AND 58 :
| "] CONTROL CIRCUITRY |— |
| . . I
e ¥ ST S 2 1o |
| |7 SEGMENT 7 SEGMENT 7 SEGMENT 7 SEGMENT | |
| DECODER DECODER DECODER DECODER |
| (IoH) (H) (IOM) (M) |
LD i d T
| ol — —_ —_— —
| N P {
! [ L |
e _ T T T — @ 1 e ]

52 54~

LN 24 HOUR DECODER
9006  HOOHOEOBOHEH
FIG. 4
A
e
S Na;
6
FIG. 6
5/7 E.c
3 FIG. 6A FIG. 6B




Sheet 4 of 6 4,206,612

Jun. 10, 1980

U.S. Patent

|
| w¢NJ
Av13d HOLVIIANI _
| Wyvv
LT 8 AfoXo0T WYV 1Y 1 NOWWOO
_
b Lz vhe i
'/ UNOIS
1= NOILONN4
| 1s3L
_
_
I ONIL13S
o LIGIHNI 1 ( ONJLL3S )
NOLING 922 !
1 LsaL I /7 vnols
22 T\ _LSOu43a
€2 ~ r,m I
cOove XA _[wamwn] ¢ !
'OWNIHL OWMIHL TNLL |
3siy 3IVNINYI L 1S0M43a wmwﬁm
dW3L 1S0¥43a f | Y3INNVIS
s 20z’ [ | ALORd
T
| 09l
e . v02) 1031
1soy43a 1soyd3q ) HILIMS 1N0N2071 100M207 HOLY saow | | [ #3a003a
- ¢—+—{108.LNOD a—] 1119%0 ofH 4NOH
oz 9’/ viz/ 1508430 1504430 H 2 any | | 2
: oz (goz (o0z i | | T
HOLVDIONI IAWA NOLLNS e _ 4300030
NOILVYIOINA3Y NOILY4IONATY 1s0Y43a 002 _ o
glg” 21z’ (222 " v
) Ob TOMINOD | SE TOMINOD
G 94 WNQIAIONT | H31SYW




Sheet 5 of 6 4,206,612

Jun. 10, 1980

U.S. Patent

WYVV

NOWWO?
\gte

_
]
|
|
—F @35 01D
“
_
_

(1s3l )

1504330

HOSN3S
1s0¥43Q

202/

V9 9ld

A=

002

. !
Ot 104INOJ | 8¢ TOHINOD
AVNAIAIGNE ¢

H31SVWN




4,206,612

Sheet 6 of 6

Jun. 10, 1980

U.S. Patent

228
Y b o]
. T3
9% 8e¢ PASS \?NM
) v Of}—e+
(0745 4y
HOLVJIANI o 3 11—
s_m<w< ;i o_w_mw_: n g
. + .
w2 O¥e | gwaL | I+ - omm“ = .ANOM
+i Q
Ommu \‘
2 oe 0
e L _ 262
31VYNINY3L - _ e AAA—
1s0M43a | — |
| ] I )
+ | —] UW_\%
8.2 ] _
9s2 o N\2ig _
= g I —_
bee
vog
INWA - Ny, A o
1soy43a A 082 o 3 .
Loiz
INVA o2 __T<<<<<,I.1.
NOILVY39 1M 43y @ L.,
_ 2® st Eomh_ua\m_o
222

89 9ld |




4,206,612

1

REFRIGERATION SYSTEM CONTROL METHOD
AND APPARATUS ’

This is a division of application Ser. No. 816,091 filed
July 15, 1977 now U.S. Pat. No. 4,151,723, 5

BACKGROUND OF THE INVENTION

The present invention relates to the method and appa-
ratus for controlling defrost and refrigeration opera-
tions in a refrigeration system having a plurality of 10
evaporators. More particularly, the invention relates to
controls allowing the evaporators to be defrosted and
refrigerated independently and without overloading the
system. The invention has utility in refrigeration sys-
tems having hot gas or other defrosting equipment. 15

It is customary in large refrigeration systems such as
found in food stores or supply houses to utilize an inte-
grated refrigeration system for a plurality of refrigera-
tion units. A common compressor and condenser supply
all of the refrigerant needed by the evaporators in the 20
various units. However a certain degree of indepen-
dency of the units is required because of the different
demands imposed on the units. For example, in a food
store, a refrigeration cabinet containing ice cream or
frozen foods is normally held at approximately —20° F. 25
and imposes far more stringent demands on the refriger-
ation system than a milk cabinet or vegetable tray that
operates in the vicinity of +40° F. Furthermore, tem-
perature and humidity conditions and the frequency
with which the cabinets are opened and closed at vari- 30
ous times of the day also affect the refrigeration process.
Because of the variations in demand, the accumulation
of ice and frost on different evaporator coils in the
system varies widely, and independent defrosting and
refrigeration controls are needed to keep the evapora- 35
tors and the system operating efficiently. In this respect,
reference to an evaporator is intended to refer to one or
more evaporator coils connected in parallel or series to
be refrigerated and defrosted in common.

In large commercial refrigeration systems, defrosting 40
is frequently accomplished by transmitting hot refriger-
ant in gaseous form directly through the evaporators to
melt the accumulated ice and frost. Such hot gas de-
frosting systems may reduce the available refrigerant
for cooling purposes to an inadequate level for other 45
evaporators in the system unless control is exercised
over the number of evaporators that can be placed in
the defrosting mode at any one time. Also with other
defrosting devices such as electrical heaters connected
to the evaporator coils, the number of evaporators de- 50
frosted at any given time must be controlled to prevent
power overloads and undue demands on the refrigera-
tion equipment.

Accordingly, it is customary in refrigeration systems
having multiple evaporators to limit the number of 55
evaporators that are placed in the defrosting mode at
any given time. Such limitations can be imposed by
scheduling the defrost operations for particular times of
day; however, timed defrosting may not be satisfactory
where demands on the refrigeration system are irregu- 60
lar and incapable of prediction. In these cases, a demand
defrost system is generally preferred. In a demand sys-
tem, frost sensors associated with the evaporators pro-
vide signals when accumulated frost and ice has
reached a given level. In the absence of further control, 65
however, it is clear that a demand system could place
more than one and possibly all of the evaporators in
defrost at one time. To prevent this possibility, control

2 '

systems have been devised such as disclosed in U.S. Pat.
No. 3,894,404 and copending U.S. patent application
Serial No. 812,198 filed 7/1/77 by Willitts and Zickwolf
and entitled “Automatic Defrost Control for Refrigera-
tion Systems”. In the copending application, scanning
means are provided to periodically interrogate or exam-
ine the frost sensors in a predefined sequence. When one
of the sensors indicates that its corresponding evapora-
tor is in need of defrost, scanning is halted until defrost
of the evaporator is complete. A certain priority can be
developed by increasing the frequency that one evapo-
rator is scanned relative to the others. Thus, for exam-
ple, a high priority evaporator can be scanned twice as
often as the other evaporators to increase the probabil-
ity of detecting the need for defrost at an earlier point in
time.

It is an object of the present invention to provide a
defrost and regrigeration system which allows a plural-
ity of evaporators to be controlled independently of one
another and which constitutes an improvement over the
prior art systems.

SUMMARY OF THE INVENTION

This invention resides in a refrigeration and defrost
system that allows defrost of individual evaporators to
be controlled independently and on either a timed or a
demand basis. The system includes scanning means that
allows the evaporators to be defrosted on a priority
basis so that more important evaporators are considered
first. The system also includes provisions for testing the
defrosting equipment associated with individual evapo-
rators and in one embodiment incorporates solid state
design. A unique decoding system is employed to derive
time signals from a time clock having a digital display,
and testing of individual defrost controls in a timed
mode is accomplished by driving the time clock at an
accelerated rate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the overall
refrigeration system having a plurality of evaporators
with individual refrigeration/defrost controls for each
evaporator. )

FIG. 2 is an electrical diagram illustrating the various
components in the master control for the refrigeration
system.

FIG. 3 is a diagram of a digital time clock and decod-
ers which generate time signals for the refrigeration
system in one embodiment.

FIG. 4 illustrates in greater detail one of the numeral
elements utilized in the digital display of the time clock
in FIG. 3.

FIG. 5 is a block diagram illustrating the functional
elements of an individual refrigeration/defrost control
and connections with the master control of FIG. 2.

FIG. 6 is divided into FIGS. 6A and 6B as shown,
and constitutes an electrical diagram illustrating a solid
state embodiment of the individual refrigeration/defrost
control in FIG. 5.

FIG. 7 is an electrical schematic illustrating the
power supply for the digital time clock and the defrost
controls.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates the components of a refrigeration
system, generally designated 10, embodying the present
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invention. A compressor 12 delivers hot, gaseous refrig-
erant to a condenser 14 where heat is transferred to the
ambient air with the aid of a cooling fan 16. Cooled and
condensed refrigerant is directed in a conduit 18 from
the condenser to evaporators 30, 32, 34 by refrigeration
and defrost control valves 20, 22, 24 respectively when
the valves are individually set in the refrigeration mode.
When the valves are set in a defrost mode, the compres-
sor 12 supplies hot refrigerant in gaseous form to the
respective valves and associated evaporators through
the conduit 36. The conduit 37 returns the refrigerant to
the compressor. A more detailed description and expla-
nation of the refrigeration and defrost valves may be
had from the above-referenced copending application
Ser. No. 812,198 of Willitts and Zickwolf.

The refrigeration and defrost operations or cycles for
the plurality of evaporators 30, 32, 34 are controlled by
a master control 38 associated with all of the valves and
evaporators, and individual refrigeration/defrost con-
trols 40, 42, 44 connected separately and independently
with the respective valves and evaporators. Thus, the
individual control 40 regulates the flow of condensed or
hot refrigerant through the valves 20 and evaporator
30, the individual control 42 regulates the flow of con-
densed or hot refrigerant through the valves 22 and
evaporator 32, and the individual control 44 regulates
the flow of refrigerant through the valves 24 and evapo-
rator 34.

From the above description, it will be understood
that the refrigeration system 10 has a hot gas defrosting
system to defrost the evaporators 30, 32, 34 individu-
ally. However, the present invention is not limited to a
hot gas defrost system and other types of defrosting
equipment such as electrical heaters can be connected
respectively with the evaporators to permit indepen-
dent defrosting of the separate evaporators.

The master control 38 in FIG. 1 is illustrated in a
solid state embodiment in FIG. 2. Among other func-
tions, the master control provides time signals that
allow the individual refrigeration/defrost controls to
operate on a timed basis. The control 38 also provides
the means by which testing of the individual controls
can be accomplished, and includes a unique scanning
device that allows the evaporators to be interrogated
concerning the need for defrosting in order of priority.

TIME DECODING

In FIG. 2, the basic source of time signals in the
master control 38 is the digital time clock 50. While the
digital clock is not essential to many aspects of the
present invention, it does provide a unique means by
which time signals can be generated. In one form, the
digital clock is a 24-hour clock having a digital display
and by means of a two-hour decoder 52 and a 24-hour
decoder 54, a time signal is produced every half hour.
Thus, any one of the evaporators in the refrigeration
system can be scheduled in the timed mode to defrost at
any hour or half hour of the day. Although an evapora-
tor may be scheduled to defrost at a particular time of
day, such defrosting will not necessarily occur due to
the defrosting of higher priority evaporators as de-
scribed in greater detail below. .

In order to more fully understand the operation of the
time clock 50 and decoders 52.and 54, reference is made
to FIGS. 3 and 4. The digital clock 50 has counter and
control circuitry 58 which is energized by 60 cycle a.c.
power. The circuitry utilizing the 60 cycle power as a
timing reference computes time which is preferably
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output in BCD form to four 7-segment decoders 60, 62,
64, and 66. The 7-segment decoders are associated re-
spectively with numeral elements 70, 72, 74, and 76 that
form the digits of the time clock display and each de-
coder generates one of the time digits. For example, the
decoder 60 generates the tens-hour digit, the decoder 62
generates the ones-hour digit, the decoder 64 generates
the tens-minute digit and the decoder 66 generates the
ones-minute digit. For the purpose of discussion, it will
be assumed that the digital clock is a 24-hour clock such
as model MA1002 digital clock module manufactured
by National Semiconductor Corporation, Santa Clara,
Cal. Each numeral element 70, 72, 74, and 76 has the
same construction shown in FIG. 4 and comprises a
circuit board 78 having seven light emitting diodes
(LED)s or segments A, B, C, D, E, F, and G arranged
in a figure-8 pattern. Any decimal integer from 0 to 9
can be illustrated in the pattern by illuminating selected
segments in combination, and it will be assumed that the
segments are constantly energized when illuminated to
form a particular integer. By energizing selected seg-
ments in various combinations and patterns in each of
the numeral elements, a visual presentation of the time is
manifested. The display changes every minute in accor-
dance with the data produced by the ccounter circuitry
58.

Since the excitation of the segments and the corre-
sponding illumination is peculiar to a given time, a time
signal can be generated by determining which segments
are illuminated at that particular time, the monitoring
the energization or illumination of the segments and
producing the time signal when the particular combina-
tion or code of illuminated segments is detected. It is not
essential that all illuminated segments be used to estab-
lish an unambiguous code. Only some of the illuminated
segments may be uniquely associated with a particular
time. When signals are desired at spaced times through-
out a day, particularly evenly spaced times when a
digital integer is repeated, it is frequently possible to
generate a time signal from less than all illuminated
segments. Furthermore, the non-illuminated segments
or combinations of illuminated and non-illuminated
segments may provide a unique time code. It is also
possible that the code be based upon derivative parame-
ters of the digital display such as positive-going or nega-
tive-going transitions of the segments between the ener-
gized and non-energized conditions. Accordingly, a
unique time signal generating means is provided by
decoders such as the decoder 52 which monitor the
energization of a digital display and produce signals
when a predetermined code is detected. By counting or
accumulating the time signals, further time interval
signals can be obtained.

It can be shown by analysis of the illumination pat-
terns that the B and C segments or LEDs of the tens-
minute digit when applied to a coincidence gate, such as
the AND gate 120 in the decoder 52 of FIG. 2, initiate
a positive pulse on the hour and half hour correspond-
ing to a frequency of two cycles per hour. For digital
circuitry, such a cyclic rate is very low, but the resolu-
tion provided by time signals generated at that fre-
quency is adequate for selecting defrosting times. The
pulse signals are used as clock inputs for a solid state
“D”-type flip-flop 122 and a static shift register 124
which serves as a sequencing and accumulating means.
Both the flip-flop and shift register respond to the lead-
ing edge of the positive pulses, and cause the outputs 80,
82, 84, 86 to sequentially assume a binary l-state or
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“high” with each succeeding pulse. Thus, every half
hour the outputs change to generate a time signal and
only one output is in the l-state or turned on at any
given time. One half-hour after the output 86 is turned
on, the leading edge of a subsequent pulse from the
AND gate 120 causes the sequencing of the output
signals to be started again through the feedback connec-
tion with the “D” input of the flip-flop 122. Thus, the
four outputs 80-86 of the two-hour decoder are turned
on individually and at evenly spaced intervals over a
two-hour period. The flip-flop and shift register effec-
tively count the timing pulses produced by the coinci-
dence gate 120 so that the outputs of the decoder pro-
vide not only time signals but signals representing accu-
mulated time in half hour increments over a two-hour
period as illustrated.

At the end of a two-hour period, when the output 80
is again turned on, the leading edge of a pulse from the
output is transmitted to another “D”-type flip-flop 126
and a shift register 128 which comprise the 24-hour
decoder 54. The shift register 128 is illustrated as a
single shift register, but in fact, could be comprised of a
plurality of shift registers connected in series. The oper-
ation of the flip-flop 126 and shift register 128 is basi-
cally the same as the flip-flop 122 and shift register 124
except that since the clock signals are derived from the
decoder 52, the outputs 90-112 are turned on individu-
ally in sequence at 2-hour intervals. With twelve such
outputs, a time signal is produced from the decoder 54
every 2 hours over a 24-hour period. By applying the
time signals from the outputs of both decoders 52 and 54
in various combinations to coincidence gates, a time
signal can be produced at any half hour of the day over
a 24-hour period.

For purposes of setting the shift registers 124 and 128
a reset circuit 130 is provided. The reset circuit is basi-
cally another decoder connected with the digital clock
50 and is comprised of a NOR gate 132. As indicated,
the inputs to the gate 132 are taken from the B segment
of the ten hour digit, the C segment of the hour digit,
the G segment of the 10-minute digit and the C segment
of the minute digit. Due to the logic of the NOR gate,
a positive pulse is initiated and applied to the flip-flops
122 and 126 and the shift registers 124 and 128 only
when none of the identified segments serving as inputs
is energized. Thus, the NOR gate functions in response
to the non-energization of selected inputs, and it can be
shown that with the identified inputs and associated
code, the NOR gate produces a positive one minute
pulse at 2:02 with a 24-hour clock. A second but incon-
sequential puise occurs at 2:12. In response to the lead-
ing edge of the first pulse, the outputs of decoders 52
and 54 are set independently of clocking pulses and the
outputs assume the states corresponding to the time
2:02. Such setting function is used to synchronize the
outputs and the time display of the clock after the sys-
tem is turned on.

From the above, it will be understood that the time or
timing signals for initiating defrost operations are de-
rived from the digital clock 50 by the decoders 52 and
S4. Although the signals are generated in half hour
increments by the exemplified code, other codes utiliz-
ing both energized and non-energized segments permit
many other time increments and timing signals to be
obtained.

While the digital time clock 50 and decoders 52 and
54 represent a unique means for obtaining time signals,
the refrigeration system could also operate more con-

20

60

65

6

ventional timing devices providing signals at selected
times of day. Also, the illumination of numeral segments
from which the decoders operate can be derived from
timing devices other than the digital clock. Still further,
it is contemplated that energization of numeral elements
other than the seven segment numerals may be moni-
tored to produce time signals.

TEST FUNCTION

The master control 38 includes components for test-
ing an individual refrigeration/defrost control for an
evaporator. A test function is carried out by program-
ming an individual control 40, 42 or 44 in a time defrost
mode of operation and then driving the digital clock at
an increased rate until the time is reached when the
individual control under test is programmed to initiate a
defrost cycle. The control is then examined to deter-
mine if a defrost operation has been properly initiated.

In particular, a NOR gate 140 has one input terminal
that is normally held in the 1-state by the power supply
and a resistor 142 and another input held in the O-state
by the power supply, resistor 136 and digital inverter
138. When a test signal as illustrated in the form of a
negative or “low” level signal is received from any of
the individual defrost controls 40, 42 and 44, the signal
switches the output of the NOR gate to its 1-state, pro-
vided that a defrost signal is not present at the other
input terminal of the gate. A defrost signal, also illus-
trated as negative signal, indicates that one of the indi-
vidual controls and a corresponding evaporator is in a
defrosting cycle, and inhibits the NOR gate 140 and test
function under such circumstances to prevent more
than one evaporator from being placed in a defrosting
mode at a time. It should be noted parenthetically that
the oval designations in the drawings represent conduc-
tors that are common to all of the evaporators, and
therefore, the test signal or defrost signal may come
from any one of the individual defrost controls 40, 42,
44. A defrost signal is also applied to a “D” valve 144
which reduces the compressor discharge pressure so
that hot gas from the compressor can be circulated
through the evaporators in a hot gas defrosting system.

Assuming that a defrost operation is not being carried
out when the test signal is received, the output of the
NOR gate 140 is transmitted through an OR gate 146 to
fast clocking circuitry 148 in the digital clock 50, and
the digital clock is then driven at an accelerated rate.
For example, the digital time display is sequenced
through one hour in an actual time of one second. Since -
the decoders 52 and 54 respond to the display rather
than actual time, the time signals produced by the out-
puts of the shift registers 124 and 128 appear at a corre-
spondingly accelerated rate and the programmed time
of defrost for a particular evaporator is reached in short
order. As soon as the individual control under test re-
ceives its programmed time signal, the control should
go into the defrost mode of operation and a defrost
signal should be transmitted from the unit under test to
the NOR gate 140. The NOR gate 140 is then disabled
together with the fast clocking circuitry 148 and the
digital clock returns to normal time sequencing. By
observing the digital display of the clock, the operator
conducting the test can determine if the tested control is
functioning properly.

As explained in greater detail below with respect to
the individual defrost controls, the test operation will
continue until it is terminated by the operator. Termina-
tion of the test also terminates defrosting of the tested



4,206,612

7

evaporator so that the defrost signal disappears and the
NOR gate 140 reverts to its initial condition.

Since the test function drives the digital clock to the
time when the tested evaporator control is programmed
for defrost, the termination of the test function will
normally leave the digital clock at the wrong time. For
this reason, the operator who ran the test should reset
the clock to the correct time, and for this purpose, a fast
clock setting button 152 and a slow clock setting button
154 are provided. The fast button 152 actuates the fast
clocking circuitry 148 through the OR gate to bring the
digital clock approximately to the correct time. The
operator then presses the siow button 154 which actu-
ates the slow clocking circuitry 156 to drive the clock at
a rate much less than the fast clocking circuitry but
slightly greater than real time. The slow button is re-
leased when the correct:time is observed on the digital
display.

It will be noted that whenever the time clock 50 is
being set during testing or by either the fast or slow
buttons 152 and 154, OR gate 150 produces a clock
setting signal. The setting signal is used as described
hereinafter to disable or lockout all individual defrost
controls other than the one under test. The lockout
function is necessary because the decoders 52 and 54
continue to respond to the digital display as the clock is
set, and the generated time signals may correspond to
the programmed times for which certain evaporators
other than the one under test are scheduled to defrost.

Accordingly, testing of the individual defrost con-
trols 40, 42, 44 is performed by driving the time clock at
a high rate until the programmed time appears in the
digital display. Clocking stops at that point and a de-
frost operation is actually carried out until the operator
decides to terminate the test. Thereafter, he resets the
clock and the timing signals are generated in correspon-
dence with the actual time of day.

SCANNING FUNCTION

As described above, it is desirable in a refrigeration
system having a plurality of evaporators to limit the
number of evaporators which can be placed in the de-
frost mode at any one time in order to minimize power
and cooling capacity overloads. It is especially desirable
in hot gas defrosting systems to limit the number of
evaporators in defrost in order to appropriately scale
the capacity of the refrigeration compressor 12. In the
present embodiment, only one evaporator is defrosted
at a time but higher limits are certainly feasible. Accord-
ingly, the master control of the present invention is
provided with a priority scanner 160 which produces
sequential probing signals on the outputs 162-176. The
probing signals are used to interrogate the evaporators
or the individual controls for the evaporators in regard
to the need for defrost. In performing the interrogation
function in one embodiment of the present invention,
the probing signals effectively serve as gating signals
and allow an individual control to initiate defrosting of
the associated evaporator when the need is indicated. In
this respect, the need is shown to exist by a signal from
a frost sensor connected with an evaporator or by a
programmed time signal generated by the decoders 52
and 54.

The priority scanner 160 is driven by clocking pulses
from a clock pulse generator 180. The pulse generator
receives standard 60 cycle a.c. current and produces a
clocking pulse every 3.75 seconds or 1/16th of a minute.
The priority scanner 160 receives the pulses on a clock-
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ing input which triggers the outputs 162-176 one at a
time and in numbered sequence. One output is turned
off and the next output is turned on with each positive
transition of the clocking pulses, and when each of the
eight outputs has been ‘triggered, the sequence is re-
peated in a cyclic fashion. Thus, with eight outputs and
clocking pulses every 3.75 seconds apart, eight different
evaporators associated respectively with the eight out-
puts can be scanned by the probing signals in a period of
30 seconds.

The priority scanner 160 in one form can be an inte-
grated circuit such as an RCA counter/divider 4022.
The circuit resets and holds the scanner on the highest
priority output when a 1-state signal is applied to the
reset signal.

Scanning a plurality of evaporators to identify those
in need of defrost is disclosed in U.S. Pat. No. 3,894,404
and the copending application Ser. No. 812,198 refer-
enced above. However, the scanner 160 ‘performs the
scanning function on a priority basis by always resum-
ing the scanning function when interrupted with the
first priority output 162.. Thus, by connecting the most
important evaporator with the first priority output and
other evaporators with the other outputs in order of
priority, the more important evaporators and refrigera-
tion cabinets are defrosted before the others.

Such prioritizing of the defrost operations should by
distinguished from the prior art systems shown and
described in: the referenced copending application
wherein certain evaporators are interrogated more fre-
quently than other evaporators. In the present system, a
definite priority is assigned to each evaporator to ensure
that the highest priority evaporators will be defrosted
first. Furthermore, the order of priorities is observed
regardless of the stage of the scanning sequence when
scanning is interrupted:

In the present system, the scanning is interrupted at
several junctures. Since no more than one evaporator is
placed in a defrost cycle at a time, the defrost signal
applied to the NOR gate 140 is also transmitted through
an OR gate 182 connected with the reset input of the
scanner 160. Regardless of which evaporator is produc-
ing the defrost signal, scanning is stopped and ceases as
long as the defrost signal holds the output of the OR
gate in the l-state. When the defrost cycle terminates
and the defrost signal is removed from the OR gate 182,
the scanning function resumes with the first priority
output 162 either immediately or, if a switch 188 is
closed, after a short delay established by a delay timer
190. With the switch 188 closed, the timer responds
through a capacitor 192 to termination of the defrost
signal and transmits a delay signal through OR gate 182
which delays the resumption of scanning and allows the
system to recover from the previous defrost cycle and
balance out in preparation for the next cycle. Thus, if
defrost of the evaporator connected with the fourth
priority output 168 has just been completed and the
evaporators connected with the second priority output
164 and the sixth priority output 174 are both in need of
defrost, the scanning operation first picks up the second
priority evaporator rather than the sixth priority evapo-
rator. Therefore, the higher priority evaporators are
clearly given preference.

The priority scanner 160 is also reset in several other
instances. When either the fast clocking button 152 or
the slow clocking button 154 is pressed, a triggering
signal is applied to one of the inputs of the OR gate 182
to reset and hold the scanner until the time clock 50 is
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set. Thus, with a new time in the display, scanning
restarts with the highest priority evaporator. It will also
be understood that whenever one of the individual de-
frost controls is tested, the time clock is set and a defrost
signal resets and holds the scanner until the test is termi-
nated. Scanning again resumes with the highest priority
evaporator. Additionally, a fourth input to the OR gate
182 from the two-hour decoder 52 is momentarily
pulsed by the two-hour decoder 52 through the capaci-
tor 184 and resets the scanner at the end of each two
hour interval when the time signals from the 24-hour
decoder change. Resetting at this juncture synchronizes
the start of scanning with the start of a new timing
period. In this fashion, it is possible to schedule some or
all of the evaporators for defrost at a given time of day,
for example, 3:00 a.m. When the 3 a.m. signal is gener-
ated the scanner 160 ‘is automatically reset and the
scheduled evaporators are defrosted one at a time in
order of priority.

Accordingly, the priority scanner 160 interrogates
the plurality of the evaporators concerning the need for
defrost and gives preferance to those evaporators con-
nected with a higher priority output of the scanner. The
scanning function with priority may be utilized when
the evaporators are programmed to defrost in either a
time mode as described above or in a demand mode
where, for example, a plurality of frost sensors simuita-
neously indicate a need for defrost.

INDIVIDUAL DEFROST CONTROL

Having described the master control 38 in detail,
reference is now directed to the individual refrigera-
tion/defrost controls 40, 42, 4. An individual control is
provided for each evaporator that is to be refrigerated
and defrosted independently of the others. Although
three such evaporators and corresponding controls
have been shown in FIG. 1, any number of evaporators
can be integrated in a refrigeration system providing
that the compressor and other components have an
appropriately scaled capacity. Since each individual
control has the same construction and functions in the
same manner, only one such control is described and
shown in FIGS. § and 6.

FIG. 5 is a functional diagram of the individual de-
frost control 40 for the evaporator 30 and illustrates the
connections with the master control 38 and other indi-
vidual controls. ‘

The basic inputs to the individual control 40 are re-
ceived by a time and mode selection circuit 200. Time
signals are received by the circuit from the two-hour
decoder 52 and the 24-hour decoder 54. Scanning sig-
nals when desired are also applied to the circuitry 200
from the priority scanner 160 and a frost signal may be
provided from a frost'sensor 202 connected with the
evaporator 30 associated with the individual control.
The frost sensor may be of the type described in U.S.
Pat. No. 3,453,837 which provides a signal indicating a
need for defrost when the temperature differential of air
blown through the evaporator indicates that defrost is
needed. Of course, other types of frost sensors provid-
ing a frost signal can be utilized in the present invention
with equal facility.

The time and mode selection circuit 200 is designed
to allow defrosting to occur either on a timed basis with
signals received from the decoders 52 and 54 or a de-
mand basis with a’signal received from the sensor 202.
The programming -of the circuit determines precisely
which mode of operation is employed and in a preferred
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embodiment the mode can be selected at will. When the
priority scanner 160 is utilized to establish priority of
defrosting among several different evaporators, a de-
frost actuating signal ordered on either a timed or de-
mand basis is not transmitted by the circuit 200 until a
discrete probing signal from the scanner is received.
When the defrost actuating signal is ordered by any
means, the selection circuit 200 transmits the signal
through a two hour latch circuit 204, a defrost lockout
circuit 206 and a clock lockout circuit 208 to a defrost
control switch 210. The control switch 210 is preferably
a solid state switch which can be set and reset by differ-
ent signals. When the signal from the selection circuitry
is received, the control switch 210 actuates a refrigera-
tion valve or valves 212 and a defrost valve or switch
216 through an unlatching circuitry 214. The valve 212
closes and stops the flow of liquid refrigerant from the
condenser into the evaporator and thusly terminates
cooling of the evaporator. The refrigeration valve is
also connected with a refrigeration indicator 218 such
as a light that is turned off when the refrigeration valve
is closed. .

In a hot gas defrost system, the defrost valve 216
opens at substantially the same time that the refrigera-
tion valve closes, and admits hot gases into the evapora-
tor in order to melt ice and frost accumulated on the
evaporator coils. When the valve 216 opens, a defrost
indicator associated with the valve is turned on. Since
the indicators 218 and 220 are associated only with the
evaporator 30 in the group of evaporators defrosted and
refrigerated by the compressor 12, reference to a dis-
play panel or circuit containing the indicators will im-
mediately show what cycle the evaporator is in.

It should be understood that the defrost valve 216 in
another embodiment of the refrigeration system may be
a switching device which controls the flow of current in
the electrical defrost heater connected with the evapo-
rator 30. Thus, the invention is not limited to the hot gas
defrost system but has general applicability to refrigera-
tion systems having a variety of defrosting means.

If the timed defrost mode has been selected for the
evaporator, the two-hour latch circuitry 204 effectively
prevents the associated evaporator from being de-
frosted again within the two-hour period in which de-
frosting was originally ordered. Since the time for de-
frosting an evaporator is usually less than two hours, it
is probable that a programmed time signal for the evap-
orator will still be present at the input of the selection
circuit 200 when the defrosting cycle ends. Therefore,
upon resumption of scanning the higher priority evapo-
rators, defrosting of the same evaporator would be
repeated without reaching the lower priority evapora-
tors if the two-hour latch circuit were not employed.

The defrost lockout circuit 206 receives a defrost
signal from any of the other evaporators which is in a
defrosting cycle and prevents the evaporator 30 associ-
ated with the lockout circuit 206 from also being placed
in the defrost mode even if a time or frost signal indi-
cates a need for defrost. Accordingly, only one evapo-
rator in the refrigeration system can be defrosted at a
time in response to a defrost signal.

The clock lockout circuitry 208 prevents a defrost
operation from being initiated by a defrost signal when-
ever a clock setting signal from the master control is
received. Thus, during testing of other evaporators in
the refrigeration system, the time clock is driven at an
accelerated rate and may reach the programmed time
for defrost of the evaporator 30 connected with the
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lockout circuit 208 before the programmed time for
defrosting the evaporator under test. The lockout cir-
cuit disables the defrost signal from circuit 200 and
ensures that only the tested evaporator goes into the
defrost mode. The lockout circuit 208 also prevents the
individual control 40 from responding to the time sig-
nals whenever the time clock is being manually set.

A manvual defrost button 222 is connected with the
defrost control switch 210 to initiate a defrosting opera-
tion independently of the decoders and sensors con-
nected with the selection circuit 200. Since the button
has a direct input to the control switch 210, a normal
defrosting operation is carried out when the button is
pressed regardless of the condition of the latching and
lockout circuits 204, 206, and 208; therefore, the circuits
can be overridden by the manual defrost button and
more than one evaporator may be placed in defrost if
necessary.

The individual control 40 is provided with a test
button 224 to test the operation of the control and the
associated portion of the master control 38. To perform
the test function, it is necessary that the time and mode
selection circuit 200 be programmed in the time mode
with the evaporator scheduled to begin a defrost opera-
tion at a particular time. When the test button 224 is
then pressed, a test function signal is transmitted from
the individual control 40 to the master control where, as
described above in the absence of a defrost signal from
any of the other evaporators, a fast clocking signal is
generated, and the digital time clock is driven at an
accelerated rate. When the scheduled time of defrost for
the individual control 40 is reached, a defrost actuating
signal emanates from the circuit 200 and defrosting
starts in conventional fashion.

It will be observed in FIG. 5 that the test function
signal within the individual control 40 is applied to an
inhibit circuit 226 interposed between the master con-
trol 38 and the clock lockout circuitry 208. The inhibit
circuit prevents the clock setting signal generated in the
master control 38 from enabling the clock lockout cir-
cuit 208, and thus as the time clock is driven at an accel-
erated speed, a defrost actuating signal derived from the
decoders 52 and 54 is transmitted from the selection
circuit 200 to the defrost control switch 210 to initiate
the defrost operation.

In summary, when the test button 224 is pressed, the
time clock 50 is driven at an accelerated rate until the
scheduled time for defrost of the individual control 40 is
reached, and the defrost operation is initiated. Even if
the scheduled times of the other evaporators 34 and 44
are traversed, the other individual controls 42 and 44
associated with other evaporators will not initiate de-
frost operations due to the clock lockout circuitry in the
other individual controls. '

When defrost control switch 210 is actuated by the
defrost actuating signal, the refrigeration valve 212 is
closed and the refrigeration indicator 218 is turned off.
At the same time, the defrost valve 216 or valves are
actuated to admit hot gas to the evaporator or other-
wise apply heat to the evaporator, and the defrost indi-
cator 220 is turned on. It will be understood that the
indicators 218 and 220 within the individual control 40
only reflect the mode of operation of the evaporator 30
associated with the control. Thus, the person running
the test can visually determine from the indicators
whether the master control 38 and the individual con-
trol 40 are operating properly.
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As long as the test button 224 is pressed, the defrost
operation will continue in its normal fashion. A defrost
signal from the control switch 210 is transmitted to the
defrost lockout circuitry 206 as well as the master con-
trol 38 and the other individual controls 42, 44, etc. By
holding the test button 224, a full defrost operation can
be carried out and then terminated in normal fashion as
described in greater detail below; however, in most
instances, the test button 224 is only held for a brief
period of time until the refrigeration indicator 218 and
defrost indicator 220 have turned off and on respec-
tively. The operator has then received all information
necessary to establish that the controls are properly
operating and at that point he would release the test
button 224. Upon release, the test function signal termi-
nates in the inhibit circuitry 226, the master control 38
and other individual controls 40, 42. At the same time,
a reset signal is transmitted from the button to the de-
frost control switch 210 which resets the refrigeration
valve in the open position and closes the defrost valve
216 by way of the unlatch circuitry 214. The operator
observes that the refrigeration indicator is turned on,
and the defrost indicator is turned off and thereby veri-
fies that the evaporator has returned to a refrigeration
cycle following the test. The time clock 50 must then be
reset to the correct time by means of the setting buttons
152, 154 in the master control of FIG. 2.

DEFROST TERMINATION

A time or demand defrost cycle, or a test cycle if the
test button is held for the full duration of a defrost cycle,
is terminated in one of three methods. In the first
method a thermostat 230 or other sensor on the evapo-
rator 30 associated with the individual control 40 sends
a defrost terminate signal to the unlatching circuit 214
to cut off the actuating signal for the defrost valve 216
and allow the valve to close or shut off other heating
devices. The thermostat 230 may be attached directly to
the evaporator in order to determine when the evapora-
tor has reached a temperature which will melt accumu-
lated ice and frost or other types of sensors which mea-
sure the amount of frost or ice including the frost sensor
itself may be utilized to produce the termination signal.
If a run off jumper 232 is not connected as shown, the
defrost control switch 210 holds the refrigeration valve
212 in the closed position to prevent immediate circula-
tion of refrigerant through the evaporator. At this time,
therefore, the evaporator is receiving neither heat
through the defrost valve 216 nor refrigerant through
the valve 212, and melted frost and ice is given the
opportunity to run off of the evaporator coils.

At the end of a run-off period, the defrost control
switch receives a defrost terminate signal from a defrost
time limiter 234. The time limiter in a preferred embodi-
ment is a settable solid state time which is preset for a
specific period equivalent to the maximum period for a
defrost cycle. The limiter is driven by the same pulsed
clocking signal which drives the priority scanner 160 in
the master control; however, it should be understood
that other types of times and different clocking signals
could be used.

The limiter starts its timing operation with the same
signal that actuates the refrigeration and defrost valves
212 and 216, and when the preset time period expires a
reset signal is transmitted to the control switch 210 to
re-open the refrigeration valve 212. Thus, when the run
off-jumper 232 is not in place, the defrost valve is closed
by the thermostat 230 on the evaporator and the defrost
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control switch 210 holds the refrigeration valve closed
until after the time limiter 234 has run out. The interval
between closing of the defrost valve and re-opening of
the refrigeration valve allows melted frost to run off the
evaporator coils before refrigeration is resumed.

A second method of terminating the defrost opera-
tion occurs when the run-off jumper 232 is installed.
When the defrost terminate signal from the thermostat
230 unlatches the circuitry 214 and closes the defrost
valve 216, the defrost terminate signal is also transmit-
ted directly to the control switch 210 and the refrigera-
tion valve 212 is opened at the same time, Thus, there is
no run-off period with the jumper 232 installed, and
refrigeration of the evaporator begins immediately
upon closing of the defrost valve.

A third method of terminating defrost occurs when
the defrost thermostat 230 is disconnected, or not pro-
vided in the system, or the time limiter runs out before
the thermostat sends a terminate signal. Under such
circumstances, the defrost time limiter 234 runs its full
preset time and thereafter resets the control switch 210.
Thus, at the end of the timed period, the defrost valve
216 is closed and the refrigeration valve 212 opens to
begin a refrigeration cycle.

ALARM SYSTEM

A temperature rise thermostat 240 connected with
the evaporator 30 and the individual control 40 is pro-
vided to detect abnormal increases in the evaporator
temperature that arise from a failure of the refrigeration
system. The thermostat is connected through an alarm
lockout delay circuit 242 to an alarm indicator 244
within the individual control 40. The alarm indicator is
also connected with a common alarm annunciator 246
in the master control 38. If an abnormal and unantici-
pated rise in temperature occurs in the evaporator 30,
the thermostat 40 triggers the alarm indicator 244 to
identify the evaporator as not properly functioning. The
alarm annunciator 246 which is common to all of the
evaporators in the refrigeration system is also sounded.

Since the defrosting operation raises the temperature
of the evaporator 30 well above the temperature that
triggers the alarm signal, it is necessary to lock out the
alarm system during a defrost cycle and for a limited
period thereafter while the temperature of the evapora-
tor is lowered to its normal refrigeration level. The
alarm lockout delay circuit 242 thus receives an actuat-
ing signal from the defrost control switch 210 as soon as
the defrost cycle is initiated. In one form, the delay
circuit is a solid state timer driven by the common
clocking pulses applied to the time limiter 234 and the
priority scanner 160. The delay circuit may be an ad-
justable solid state counter which allows the lockout
period following defrost to be selected.

SOLID STATE EMBODIMENT

FIG. 6 illustrates a solid state embodiment of the
individual control 40 described in FIG. § and the inter-
connections with the master control 38.

The time and mode selection circuitry 200 in FIG. 6
is comprised of a plurality of patch circuits or selector
switches 250, 252, 254, 256, 258, an OR gate 260 and a
control gate 262. The switches receive time signals from
the decoders 52 and 54, frost signals from the sensors
202 and discrete probing signals from the scanner 160 in
the master control. The switches 250, 252, 254, and 256
have input contacts which are connected with the
twelve output terminals 90-112 of the 24-hour decoder

15

20

25

0

A4

40

45

50

55

65

4,206,612

14

54 as shown and can be set to select one or more time
signals for programming defrosting of the evaporator 30
when a timed defrost mode is desired. Thus, the evapo-
rator can be set to defrost at more than cne time per
day. If a demand mode is desired rather than a timed
mode, each of the switches 250, 252 and 254 is con-
nected to ground and the switch 256 is set on the
contact connected with the frost sensor 202 to receive
frost signals. _

The switch 258 has contacts connected respectively
with the outputs 80-86 of the two-hour decoder 52 as
well as one of the outputs of the priority scanner 160 in
FIG. 2. It should be understood that the priority of the
evaporator 30 is established by the output of the scanner
connected with the input terminal of switch 258. If it is
not desired to scan the evaporator 30 and control 40 at
all, then greater resolution of the programmed defrost
time may be had by connecting the switch 258 with one
of the output terminals for the two-hour decoder 52.

The control gate 262 is illustrated as a three-input
NAND gate which provides a coincidence function.
One of the inputs is connected with the OR gate 260,
and receives time signals or frost signals from the selec-
tor switches 250-256. A second of the inputs is con-
nected with the selector switch 258 and receives other
time signals or probing signals. The third input is nor-
mally held in the binary 1-state or enabling condition by
the power supply and resistor 136 (FIG. 2) in the master
control, but is placed in the disabling condition or bi-
nary O-state by a defrost signal from any one of the
other evaporators 32, 34 in a defrost cycle. Coincidence
of the time, frost or probing signals on the first and
second inputs of control gate 262 when the enabling

'signal is present on the third input causes a defrost actu-

ating signal to be transmitted by the gate through a
NAND gate 264 to the defrost control switch 210. A
disabling defrost signal on the third input locks out
operation of the control gate so that any of the timing,
probing or frost sensor signals received while another
evaporator is in a defrost cycle has no effect upon the
control 40. Thus, the control gate performs the function
of the defrost lockout circuit 206.

The defrost actuating signal is transmitted through a
2-hour latch circuit comprised of the NAND gates 264
and 266. In a time mode, the actuating signal when
received by the gate 265 changes the output of that gate
to a l-state and latches the output in that state through
the NAND gate 266 until the time signal from the OR
gate 260 disappears at the end of a two-hour period.
Since a hot gas defrost opération can usually be com-
pleted substantially before a two-hour time signal
would disappear from the output of OR gate 260, it
would be possible, in the absence of the two-hour latch
circuit, that a repeat defrosting operation would occur
immediately upon the termination of a first defrosting
operation. The latch circuitry ensures that a defrost
operation will not occur because the output of NAND
264 is held in the 1-state by the latch circuitry, and the
defrost control switch 210 is a solid state switch, such as
a “D” type flip-flop actuated only by the positive going
transition of an actuating signal received from the gate
264. Thus, by latching the gate 264 the control switch
210 is effectively disabled insofar as further time signals
are concerned.

The manual defrost button 222 is connected directly
to the set terminal of the defrost switch 210 and sets the
switch independently of clock signals or other lockout
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circuitry. When set, a defrost cycle is carried out in a
normal manner.

Whenever the defrost control switch 210 is actuated
by either the defrost button or a clock signal from the
control gate 262, the oppositely phased output terminals
Q, Q change their respective binary states. The Q-termi-
nal is connected to the defrost valve 216 by way of
unlatching circuitry comprised of NAND gates 270,
272, 274. The output of the NAND gate 270 controls
actuation of the valve through a resistor 276 connected
to the base of a PNP power transistor 278. The NAND
gates 272 and 274 have interconnected feedback and the
output of the gate 272 is normally in the 1-state enabling
the gate 270. Thus, when the Q-terminal of the control
switch 210 assumes the 1-state, the gate 270 places the
transistor 278 in the conductive state, and actuates the
defrost valve 216 to apply heat to the evaporator 30.

At the same time the Q terminal of the switch 210
assumes the O-state and deactuates or closes the refriger-
ation valve 212 through a resistor 280 and NPN transis-
tor 282. Thus, a defrosting cycle is initiated by the con-
trol switch 210 by opening the defrost valve and simul-
taneously closing the refrigeration valve. At the same
time a defrost lockout signal is produced by the Q termi-
nal of switch 210 and the signal is transmitted to the
master control and other individual controls through
the isolation diode 302.

If the mode switches 250-258 are in the timed mode,
that is, each of the switches is in a position responding
to a time signal, the control switch 210, refrigeration
valve 212 and defrost valve 216 are actuated in the same
manner as described above when the test button 224 is
pressed and held in a test operation. Pressing the test
button 224 grounds the associated input of a NAND
gate 290 normally in the 1-state due to the power supply
and resistor 292 and transmits a test signal such as
shown through a diode 294 to the master control 38 and
the other individual controls 42, 44 in the refrigeration
system. At the same time, forward bias on the NPN
transistor 296 through the base resistor 298 is removed
which causes the capacitor 300 to discharge through
resistors 306 and 308.

The test signal causes the time clock 50 in the master
control to be driven at an accelerated rate until the
programmed time of defrost for the control unit 40 is
reached. At this point, the control switch 210 is actu-
ated to initiate a defrost cycle and produces a defrost
lockout signal from the Q output which signal is trans-
mitted to the master control and other individual con-
trols 42, 44 through the isolation diode 302. Driving the
time clock at the accelerated rate then ceases but the
defrost cycle initiated by the clock continues until the
test button 224 is released.

When the test button 224 is released, ground is re-
stored to the capacitor 300 through the transistor 296
which also lowers the input terminal of NAND gate 304
momentarily to the O-state while the capacitor 300 re-
charges. The NAND gate 304 is momentarily actuated
which pulses the reset terminal of the control switch
210 to reset the switch and the valve 212 and 216 for a
refrigeration cycle. Thus, the test function terminates as
soon as the test button 224 is released.

The NAND gate 290 serves the function of the clock
lockout circuit 208 in FIG. 5 when the other individual
evaporator controls 42, 44 are tested and inhibits actua-
tion of the control switch 210 in the event that pro-
grammed time signals are received. For example, when
a test button in the individual control 42 is actuated and
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the digital time clock begins running at an accelerated
rate, the programmed time for individual control 40
could be reached before the programmed time for indi-
vidual control 42. In this case, when the programmed
time signal in control 40 is transmitted through the
control gate 262 to the clocking terminal T of the con-
trol switch 210, the D or data terminal of the switch is
at the O-state due to the clock setting signal applied to
the NAND gate 290. The binary state of the data termi-
nal is transferred to the Q terminal when the clocking
signal is received by the T input. Thus, no change in the
state of the Q and Q outputs occurs even though a
clocking signal is received by the switch, when some
other evaporator is tested.

The NAND gate 290 also performs the same lockout
function whenever the digital time clock 50 is manually
set. However, the NAND gate 290 does not disable the
control switch 210 when the test button 224 is actuated
because the test signal is applied to the one terminal of
the NAND gate 290 normally in the 1-state. Therefore,
the gate 290 performs the operation of the inhibit cir-
cuitry 226 in FIG. 5.

To terminate the defrost operation with the aid of the
defrost terminate thermostat 230, a O-state signal is
transmitted from the thermostat to the NAND gate 274
which in conjunction with the NAND gate 272 func-
tions as a bi-stable flip-flop. The O-state signal causes the
outputs of gates 272 and 274 and NAND gate 270 to
change and render transistor 278 nonconductive. The
defrost valve 216 consequently closes. Since the flip-
flop formed by gates 272 and 274 has no control over
the refrigeration valve 212, the valve remains closed
assuming that the run off jumper 232 is not installed.
During the period in which both valves 212 and 216 are
closed, melted ice and frost is allowed to drip off the
evaporator coils.

It will be observed that the Q output of control
switch 210 is connected to the reset terminal of time
limiter 234. The limiter includes a resettable binary
counter 310 driven by the clocking signals from the
generator 180 in FIG. 2. The Q output of the control
switch 210 holds the counter at its zero count until the
defrost valve 216 is opened, and the refrigeration valve
is closed. Clocking pulses drive the binary counter
throughout the defrosting operation to a predetermined
count or time which is adjusted or preset by a patch
circuit 312 between the counter 310 and a three-input
coincidence gate 314 in the limiter. The patch circuit
and coincidence gate effectively form a time decoder
which produces a termination signal at the end of a
predetermined maximum defrost period. The coinci-
dence signal activates the NAND gate 304 and causes
the control switch 210 to be reset to initial conditions
which renders transistor 282 conductive and opens the
refrigeration valve 212. Thus, between the time that the
defrost terminate signal closes the defrost valve 216 and
the time that the counter 234 runs out, melted ice and
frost from the evaporator coils is permitted to run off.
Once the refrigeration valve is opened, condensed re-
frigerant is delivered to the evaporator 30 to resume the
refrigeration process.

The second method of terminating the defrost opera-
tion is carried out when the run off jumper 232 is in-
stalled as shown in phantom. With the jumper installed,
the defrost terminate signal actuates not only the un-
latching circuit and defrost valve 216 but also the reset
gate 304. The control switch 210 is then reset and the
defrost valve 216 is closed through NAND gate 270
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simultaneously with the opening of the refrigeration
valve 212. No run off period is permitted.

The third method of terminating the defrost opera-
tion is carried out without the aid of the thermostat 230
either because the thermostat is not included in the
system or because the time limiter 234 is selected to
actuate the gate 304 and reset the control switch 210
before the defrost terminate signal from the thermostat
is produced. As soon as the switch 210 is reset, the
refrigeration valve and defrost valve are opened and
closed respectively. Thus, again, there is no run off.

The alarm lockout and delay circuitry 242 in FIG. 5
is comprised of an OR gate 320 connected with the
control switch 210 and the temperature-rise thermostat
240, a binary counter 322 and another “D” type flip-flop
switch 324. During a refrigeration cycle, the tempera-
ture rise thermostat 240 normally permits a binary 1-
state signal from the power supply and resistor 330 to
exist at one input of the OR gate 320 which through
resistor 328 blocks conduction of the PNP transistor 326
and prevents activation of the alarm indicator 244 and
common alarm 246. When the evaporator 30 associated
with the control 40 is defrosting, a temperature rise
would remove the blocking signal and cause an alarm
but the alarm indicator is effectively disabled by the
delay circuitry during defrost and a brief period thereaf-
ter.

One input of the OR gate 320 is connected to the
Q-terminal of the control switch 210. When the Q-ter-
minal assumes the l-state as a defrost operation is
started, conduction of transistor 324 is blocked and thus
the alarm indicator 244 will not produce a temperature
rise alarm signal nor actuate the common alarm 246.

At the end of a defrost cycle when the refrigeration
valve is again opened, the evaporator 30 will still be at
an excessively high temperature which could generate
the alarm signal. To continue blocking of the alarm
signal, the flip-flop 324 is clocked by the positive-going
transition of the Q output of switch 210 when the refrig-
eration valve 212 is opened. The flip-flop 324 then trans-
mits a binary I-state signal to OR gate 320 which signal
replaces the blocking signal previously received from
the control switch 210. At the same time, the Q output
of the flip-flop resets the binary timer or counter 322,
and the standard clocking pulses count out a predeter-
mined time interval within which the evaporator should
have been lowered to its normal refrigeration tempera-
ture. As illustrated, the counter has several outputs
permitting adjustment or selection of the time interval
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for reaching the refrigeration temperature by means of 50

a switch 332. One of the outputs is manually selected or
connected to the reset terminal of the flip-flop 324 so
that at the expiration of the selected time interval, the
flip-flop 324 is reset, and the blocking signal is removed
from the input of OR gate 320. By the end of the timed
interval the evaporator should have been lowered to the
normal refrigeration temperature, and the temperature
signal from the thermostat 240 should have returned to
its 1-state to continue to hold the transistor 326 in its
nonconductive state and block the alarm. At any subse-
quent time when the temperature of the evaporator
rises, the blocking signal is removed and the transistor
326 conducts and actuates the alarm indicator 234 and
common alarm 246.

FIG. 7 illustrates a d.c. power supply means that is
preferably utilized for energizing the master control 38,
the individual controls 40, 42, 44 and the digital time
clock 50 from 60 cycle utility power. It will be under-
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stood that in the event of a power failure and re-estab-
lishment of power, the digital clock without an internal
memory resumes its counting or timing function at an
unpredictable time. Also many of the solid state compo-
nents such as the decoders 52, 54 lose track of their
sequencing. When certain or all of the evaporators are
scheduled for timed defrosting, it is conceivable that
upon restoration of power the evaporators in need of
defrost prior to the failure would not be reached for an
inordinately long time because the solid state compo-
nents cannot perform a memory function.

For this reason, a d.c. power supply 340 for the elec-
trical system is augmented by an auxiliary battery 350.
Since only the counting circuits in the time clock and
other selected digital components in the master control
38 and individual controls 40, 42, 44 are critical to the
memory function, and because all of the components
could readily drain the battery, more than two voltage
terminals are provided. There is at least one terminal
342 of one poldrity and two terminals 344 and 346 of the
opposite polarity energized by the power supply when
utility power is on. The auxiliary battery 350 or other
emergency power source is connected between the
terminals 342 and 344 and the clock 50 and other critical
components are connected with these terminals as indi-
cated by the reference numerals in box 348. The remain-
ing components possibly including the time display of
the clock connect with terminals 342 and 346. The
blocking diode 354 isolates the battery from such re-
maining components so they are not energized during a
power source. The diode 352 protects the battery from
being overcharged by the power supply and protects
the system components against inadvertent polarity
reversal when the battery is installed. The diode 356
serves a resistive function and matches the diode 354 so
that the power supply voltage applied to the compo-
nents connected with terminal 346 is the same as the
voltage applied to components connected with terminal
344. Thus the battery 350 and the connected compo-
nents provide a memory for the various timing func-
tions and ensure that upon the restoration of utility
power, the defrosting sequence will resume from the
point at which power was lost.

In summary, the refrigeration system illustrated in
FIG. 1 has independently defrosted evaporators whose
operation is regulated by a master control 38 and a
plurality of individual controls 40, 42, 44 respectively.
In a timed mode of operation, time signals are derived
from a digital time clock and in a demand mode the
individual controls respond to command signals from
frost sensors. Testing of the individual controls is per-
formed by driving the time clock at an accelerated rate
to the programmed defrosting time. After every testing,
time-setting and defrosting operation, the individual
controls and their associated evaporators may be
scanned in order of priority to detect which evaporator
is the next unit in need of defrost. The entire control
system can be embodied in solid state form for high
reliability and compact installation.

While the present invention has been described in a
preferred embodiment, it will be understood that nu-
merous modifications and substitutions can be made
without departing from the spirit of the invention. Most
clearly, although the digital clock decoding technique
provides a convenient device for obtaining widely
spaced time signals for various defrosting operations,
the timing signals can also be obtained from digital or
analog timing devices in other ways. The priority scan-
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ning technique enables a clear system of priorities to be
established for the evaporators in various refrigeration
cabinets, but no scanning is necessary and other scan-
ning devices such as shown and described in the co-
pending U.S. application Ser. No. 812,198 referenced
above can be used instead. The fast clocking feature for
testing is integrated in the control system in a conve-
nient manner when the testing device is a digital clock
but it can also be utilized with other timing devices.
Naturally, the scanning and testing functions may exist
together or separately in a refrigeration system. While
the individual defrost control and the master control
have been illustrated in a solid state form, it should be
understood that the general functions of the controls
can be accomplished with other digital or analog equip-
ment. Accordingly, the present invention has been de-
scribed in several forms by way of illustration rather
than limitation.

I claim:

1. A defrost control apparatus for a refrigeration
system having a plurality of evaporators and defrosting
equipment connected to defrost each of the evaporators
independently of the others comprising:

timing signal generating means having an adjustable

speed for producing at adjustable rate timing sig-
nals from which the defrosting of individual evapo-
rators are scheduled;

controlled switching means connected between the

timing signal generating means and the defrosting
equipment for actuating in response to the timing
signals individual portions of the equipment associ-
ated with the respective evaporators and thereby
switching a corresponding evaporator into a de-
frosting mode when a timing signal for said evapo-
rator is produced; and

testing means connected in controlled relationship

with the timing signal generating means for in-
creasing the rate at which the timing signals are
generated and including means associated with the
respective evaporators for establishing that the
timing signals actuating the controlled switching
means are produced for the respective evaporators
by the generating means at the scheduled times.

2. A defrost control apparatus for a plurality of evap-
orators as defined in claim 1 wherein the means for
establishing comprises indicating means associated with
each of the evaporators for identifying the evaporators
in the defrost mode individually.

3. A defrost control apparatus for a plurality of evap-
orators as defined in claim 1 wherein:

the testing means includes test inhibiting means for

preventing the generation of timing signals at an
increased rate under selected conditions.

4. A defrost control apparatus as defined in claim 3
wherein:

the controlled switching means provides a defrost

signal whenever a portion of the defrosting equip-
ment is actuated to defrost one of the evaporators;
and

the test inhibiting means is responsive to the defrost

signal from the controlled switching means to pre-
vent the generation of timing signals at an in-
creased rate whenever one of the evaporators
under test is in the defrost mode.

§. A defrost control apparatus for a plurality of evap-
orators as defined in claim 1 wherein:
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the controlled switching means comprises a plurality
of control switches associated respectively with
the plurality of evaporators;

the testing means includes a plurality of test initiating

means associated respectively with the plurality of
control switches for selectively operating the
switches and testing the individual evaporators;
and

a plurality of lockout means are interposed between

the timing signal generating means and the plural-
ity of control switches respectively for interrupting
timing signals, and each of the lockout means is
responsive to the test initiating means of the evapo-
rators other than the initiating means for its own
evaporator whereby the evaporators other than the
one under test are prevented from responding to
the timing signals during a test.

6. A defrost control apparatus for a plurality of evap-
orators as defined in claim 1 wherein:

the controlled switching means for the plurality of

evaporators comprises a corresponding plurality of
control switches associated respectively in control-
ling relationship with portions of the defrost equip-
ment and the plurality of evaporators, and produc-
ing a defrostsignal when an associated portion of
the defrost equipment is actuated; and

a plurality of defrost lockout means are interposed

between the timing signal generating means and
the plurality of control switches respectively for
preventing the transmission of timing signals to the
respective control switches in response to a defrost
signal from one of the other control switches.

7. A defrost control apparatus for a refrigeration
system as defined in claim 1 wherein the controlled
switching means comprises a plurality of solid state
switches connected with the individual portions of the
defrosting equipment and the associated evaporators
respectively, each of the switches being actuated by a
clock pulse.

8. A defrost control apparatus for a refrigeration
system as defined in claim 7 wherein the solid state
switches are “D”-type flip-flops.

9. A defrost control apparatus for a refrigeration
system as defined in claim 1 wherein the timing signal
generating means comprises a time clock having a digi-
tal display.

10. A defrost control apparatus for a refrigeration
system as defined in claim 9 wherein:

the digital display is comprised of numeral elements

excited in sequential and predetermined patterns to
manifest a changing time display; and

decoding means are included in the timing signal

generating means for reading the predetermined
patterns and producing a timing signal on the oc-
currence of a selected pattern.
11. A method of testing the defrost controls in a re-
frigeration system in which a plurality of evaporators
are scheduled to be defrosted at predetermined times in
response to defrost signals generated by a time clock
comprising:
providing means associated with a given evaporator
for indicating that the defrost control for the given
evaporator has received a defrost signal from the
clock to initiate defrosting of the given evaporator;

driving the time clock at an accelerated rate at least
until the clock reaches a time when the given evap-
orator is scheduled for defrosting; and
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determining from the indicating means if the defrost
signal for the given evaporator is received at the
scheduled time. .

12. A method of testing defrost controls as defined in
claim 11 wherein the time clock is a digital clock.

13. A method of testing the defrost controls as de-
fined in claim 11 wherein:

the step of driving the time clock comprises driving

the time clock at an accelerated rate until the time
for defrosting a selected evaporator is reached; and
an additional step comprises inhibiting the defrost
controls from responding to all defrost signals
other than the signal generated for the selected
evaporator.

14. A method of testing the defrost controls in a re-
frigeration system as defined in claim 11 wherein the
time clock has a time display and an additional step in
the method includes checking the time display for cor-
respondence with the scheduled time for defrosting
when the defrost signal for the given evaporator is
generated.

15. A method of testing the defrost controls as de-
fined in claim 14 wherein the time clock is a clock hav-
ing a digital display and an additional step in the method
includes stopping the time clock when the defrost signal
for the given evaporator is generated in order to check
the display. ’

16. A method of testing the defrost controls as de-
fined in claim 11 further including the step of resetting
the time clock after the step of determining.

17. A method of testing the defrost controls in a re-
frigeration system in which a plurality of evaporators
are scheduled to be defrosted at predetermined times in
response to defrost signals generated by a time clock,
each evaporator having an individual defrost control
for placing the evaporator in a defrost mode of opera-
tion comprising:

driving the time clock at an accelerated rate at least

until the clock reaches a time when a given evapo-
rator is scheduled for defrosting;

monitoring the defrost control associated with the

given evaporator during the step of driving for an
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indication of the receipt of a defrost signal from the
time clock; and .
determining from the monitored defrost control if the
defrost signal for the given evaporator is generated
at the scheduled time.

18. A method of testing the defrost controls in a re-
frigeration system in which a plurality of evaporators,
each having a separate defrost control associated there-
with, are defrosted at scheduled times in response to
defrost signals generated by a time clock comprising:

selecting one of the plurality of evaporators for a test

of the defrost control associated therewith;
driving the time clock at an accelerated rate at least

until the clock reaches a time when the selected

evaporator is scheduled for defrosting;

inhibiting the separate defrost controls associated

with the evaporators not selected from responding
to signals generated by the time clock during the
step of driving; and

determining from the defrost controls if the defrost

signal for the selected evaporator is generated at
the scheduled time.

19. A defrost control apparatus for a refrigeration
system having a plurality of evaporators and individual
defrost controls connected to defrost the evaporators
independently of one another comprising:

timing signal generating means for producing timing

signals at different selected rates;

controlled switching means in the individual defrost

controls and connected with the timing signal gen-
erating means to receive the timing signals and
actuate the defrost controls individually in re-
sponse to the timing signal for the respective evap-
orator;

testing means connected in controlled relationship

with the timing signal generating means for select-
'ing an increased rate at which the timing signals are
generated and further including means for render-
ing the controlled switching means in the individ-
ual defrost controls selectively responsive to the
timing signals from the generating means at the

increased rate.
* * * * *




